Direct observations of small foxes are rare because of their secretive nature and nocturnal activity patterns. We observed 10 adult (!1-year-old) San Joaquin kit foxes (Vulpes macrotis mutica) at night over a 7-month period that included the mating season to quantify the types, rates, and durations of social interactions. Of 191 interactions between members of this seasonally breeding, socially monogamous species, 52 were with adult foxes in the same social group, 43 with adult foxes from other known social groups, 48 with juveniles (,1 year old), and 48 with unknown foxes. Most interactions (n ¼ 173), especially those between pair-mates, between females, and with juveniles, were affiliative. Agonistic encounters were rare (n ¼ 18) and occurred mostly between males of different social groups and with unknown foxes. Interaction rates with social group members, most of which were pair-mates (88%), peaked in the months before the annual mating season, whereas those with non-social group foxes, most of which represented potential extrapair copulation partners (79%), peaked later and more sharply. The duration of interactions with adult social and non-social group foxes was highest during the mating season. Increased social interactions at this time may help foxes strengthen bonds with pair-mates and become familiar with potential extrapair partners.
Observational studies of canid social behavior have focused mostly on the larger and more gregarious species such as wolves (Canis lupus) and African wild dogs (Lycaon pictus). The social behavior of foxes (22 species in 6 genera, according to Wang et al. [2004] ) is of interest for comparison with that of the larger canids, thus providing a more complete and less-biased picture of canid behavior (Geffen et al. 1996; Macdonald et al. 2004) , and for modeling the transmission of infectious diseases such as rabies, which can be crucial to conserving endangered canids (Macdonald 1993; Woodroffe et al. 2004) . Although the behavior of red foxes (Vulpes vulpes) has been studied extensively (Baker and Harris 2004; Doncaster and Macdonald 1997; Macdonald 1977; Voigt and Macdonald 1984; White and Harris 1994) , there are few direct observations of social behavior in most of the smaller and lessgregarious fox species because of their secretive nature, nocturnal activity patterns, and solitary foraging habits.
Social interactions among members of the same canid social group are often affiliative. For example, studies of red foxes have shown that most intragroup encounters are amicable, and often allow foxes to strengthen and reaffirm bonds with family group members (Doncaster and Macdonald 1997; Harris and Smith 1987; Macdonald 1977 Macdonald , 1979 White and Harris 1994) . By contrast, interactions between members of different social groups tend to be aggressive and are usually infrequent because they involve greater risks, such as injury or death (Creel and Creel 2002; Mech 1977; Sillero-Zubiri and Macdonald 1998; White and Harris 1994) . Among some species, however, intergroup encounters help to maintain territory boundaries, often in conjunction with scent marking or vocalizations (Frommolt et al. 2003; Gese 2001; Sillero-Zubiri and Macdonald 1998) . During breeding periods, interactions serve important functions by allowing individuals to strengthen bonds with, and in some cases, guard mates-especially in species that engage in extrapair mating such as the swift fox (V. velox-Kitchen 2004) and island fox (Urocyon littoralis- Roemer et al. 2001 ).
We describe social interactions in the San Joaquin kit fox (V. macrotis mutica), an endangered canid that ranges across central California (California Department of Fish and Game 2001) . Although many aspects of kit fox biology are known, little information exists on the social behavior of the species, particularly during the mating season. Kit foxes are considered socially monogamous (Ralls et al. 2007 ) and live in small family groups, most often a single mated pair with or without their current litter (Ralls et al. 2001) . Females are monestrus with an annual estrous period that occurs somewhere between the end of November and early January (Asa and Valdespino 2003; Egoscue 1962; Zoellick et al. 1987) . Once a male and female form a pair-bond, they typically remain together until one of them dies (Ralls et al. 2007 ). Because kit foxes are nocturnal and difficult to observe directly, previous investigators could only infer the frequency of nocturnal social interactions by estimating the distance between individuals from radiotelemetry data (Cypher et al. 2001; White et al. 2000b ).
We used night-vision equipment ) to observe and record the types, rates, and durations of social interactions among a population of kit foxes in the months leading up to, during, and following the brief annual mating season. Based on studies of other canids, we hypothesized that 1) most interactions with adult (!1-year-old) foxes in the same social group would be affiliative; 2) most agonistic interactions would be with adult foxes from different social groups; and 3) the rate of interactions with adult social group members would be higher during the mating season than in the months immediately before or after. Because male kit foxes are known to seek extrapair copulations (Ralls et al. 2001) , we predicted that 4) the rate of interactions with adults from other neighboring social groups also would be highest during the mating season.
MATERIALS AND METHODS
We conducted our study in Bakersfield, California (Kern County; 358209N, 1198049W), located in the southern San Joaquin Valley. The city of Bakersfield has a human population of ;250,000 and harbors one of the largest known populations of San Joaquin kit foxes-estimated at between 300 and 400 individuals (United States Fish and Wildlife Service 1998) . Foxes in the city occupy a mosaic of different urban habitats, including city parks, university grounds, drainage basins, and suburban and agricultural areas.
To document social interactions, we observed 10 radiocollared adult foxes (5 males and 5 females) from August 2002 to March 2003. This time included the months leading up to, during, and following the brief mating season. Mating occurs during female estrus that lasts only a few days at most. Evaluations of the estrous cycle of San Joaquin kit foxes in another population using vaginal smears and back-dating of parturition indicated that female receptivity and mating occurs largely during December (Zoellick et al. 1987) .
The foxes we observed lived in 3 areas: 6 inhabited the California State University Bakersfield campus, 2 ranged across a golf course, and 2 lived in a suburban and agricultural area. Each fox was captured previously as part of a different study using a wire-mesh box trap (model 109; Tomahawk Equipment Company, Tomahawk, Wisconsin) and fitted with a ;35-g very-high-frequency radiocollar (model M1930; Advanced Telemetry Systems, Isanti, Minnesota). For details of capture, handling, and radiocollaring of foxes see Cypher et al. (2000) .
We used methods for focal animal sampling described by Altmann (1974) to observe the foxes. During the study, we followed each fox on foot and observed interactions with a nightvision monocular (model M944; Litton/Northrup Grumman, Garland, Texas) and handheld infrared illuminator . Following distances varied, but generally ranged from 15 to 50 m. The presence of an observer following at these distances appeared to have little noticeable effect on foxes, probably because foxes in Bakersfield are relatively accustomed to people. We also followed several foxes before the study to develop techniques for following discretely.
Observations began when a fox emerged from its den to hunt, which occurred shortly after sunset, and continued until we obtained 60 min of cumulative observation time (resting periods excluded). We divided our study period into nine 3-week blocks and obtained 1 h of observation per fox for each block. Because we could only observe 1 fox per night, the 3-week block length represented the most practical time period to follow all of the foxes. We defined the start of an interaction as a focal fox coming within ,5 m of another fox. Observations before the study indicated that foxes visibly reacted to the presence of another fox within this distance. We were unable to detect any apparent behavioral changes in foxes at greater distances. The interaction ended when the distance between the 2 foxes exceeded .5 m for .20 s. We chose this time period based on preliminary observations that indicated when foxes separated for .20 s they rarely came back together.
Interactions were classified as being affiliative or agonistic. Affiliative interactions were nonaggressive and often involved allogrooming, play behavior, mutual foraging, or resting, or elicited no response by the focal fox (i.e., the other fox's presence was tolerated). Agonistic interactions were aggressive and typically involved chasing, loud vocalizations, and biting.
Interactions also were classified as being within or outside a fox's social group. The family group composition of each focal fox was mostly known through an ongoing kit fox monitoring project in Bakersfield (B. Cypher, pers. obs.). Foxes belonging to the same social group have highly overlapping home ranges and frequently share the same den during the day, whereas foxes belonging to different social groups have less home-range overlap and rarely share dens (Koopman et al. 1998; Ralls et al. 2001; White and Ralls 1993) . We defined ''within'' social group interactions as a focal fox interacting with an adult family group member that shared the same territory (i.e., a pair-mate, sibling, parent, or offspring). Interactions involving known adult foxes from neighboring territories were considered ''non'' social group interactions. We identified known foxes by radiocollar frequencies. All other interactions occurred either with juveniles (,1 year old) or foxes entirely unknown to us (i.e., uncollared).
We calculated interaction rates as the number of interactions each focal fox engaged in per hour during each 3-week period.
We also recorded the duration of interactions with a handheld stopwatch and analyzed rare cases in which a focal fox interacted with .1 fox simultaneously as separate interactions.
For the 1st and 2nd hypotheses, we used chi-square and Fisher's exact tests to examine differences in the frequency of interaction types (i.e., agonistic or affiliative) among social and non-social group interactions (Sokal and Rohlf 2000) . To address the 3rd and 4th hypotheses regarding interaction rates, we grouped rate data into 3 periods: before (22 September to 23 November), during (24 November to 4 January), and after (5 January to 8 March) the mating season and tested for differences between periods with likelihood ratio tests (Sokal and Rohlf 2000) . We excluded entirely unknown foxes from the analysis because we did not know to which social group they belonged. We also tested differences in the duration of interactions between periods using Mann-Whitney U-tests (Sokal and Rohlf 2000) .
Ethical note.-Our study was approved by the Institutional Animal Care and Use Committee of the Denver Zoological Foundation. Although our observations of urban kit foxes, which were habituated to nearby human activity, were not cause for ethical concern, we were only able to identify and follow individual foxes at night because they had been captured and radiocollared for a different study. Capture and handling of foxes for that study were performed humanely, following guidelines of the American Society of Mammalogists (Gannon et al. 2007 ). We were authorized to study San Joaquin kit foxes under a federal Endangered Species Act permit from the United States Fish and Wildlife Service and a Memorandum of Understanding with the California Department of Fish and Game. We followed standard methods, approved by both agencies and specified in detail in our permits, for trapping, handling, and radiocollaring kit foxes that were designed to minimize risk of stress or injury. Details of these methods are given in Cypher et al. (2000) .
RESULTS
Focal foxes.-The foxes we followed initially belonged to 6 social groups consisting of 3 mated pairs (F1/M1, F2/M2, and F3/M3), 1 paired male whose female we did not follow (M4), 1 male that had recently lost a pair-mate (M5), and 2 adult females that shared a home range (F4/F5; Fig. 1 ). Four focal foxes died during the study: M2 in December, M4 in January, F3 in February, and F5 in March. Although interactions between foxes in neighboring social groups on the California State University campus were relatively common (area 1 of Fig. 1 ), there were no interactions between the campus foxes and the focal foxes (F3/M3 and F4/F5) belonging to social groups in more distant locations (areas 2 and 3 of Fig. 1) .
Types of interaction.-We observed 191 interactions during the study. All interactions occurred between a focal fox and 1 other fox with the exception of 3 instances of a focal fox interacting with 2 juveniles at the same time. Focal foxes interacted with other focal foxes, known foxes that were not focal foxes (including juveniles), and unknown foxes (Fig. 1) . A majority of interactions were affiliative (Table 1) . The most common type of interaction among foxes of known sex and age class was between an adult male and an adult female (Table 1 ; Fig. 1 ). The least common types were between adult males and between adult females (Table 1) .
We observed 52 interactions between a focal fox and an adult of its own social group. Most of these interactions were affiliative (Table 2 ) and between pair-mates (88%). A greater proportion of within social group interactions were affiliative than expected by chance (v 2 ¼ 44.31, d.f. ¼ 1, P , 0.001). Interactions with adult foxes from different social groups also were mostly affiliative ( Table 2 ). The majority of intergroup encounters (79%) occurred between a focal fox and another adult of the opposite sex that represented a potential extrapair copulation partner. A greater proportion of non-social group interactions were affiliative than expected by chance (v 2 ¼ 14.54, d.f. ¼ 1, P , 0.001). We observed mating once during the study, when a female from an adjacent territory entered the territory of an established pair (F3/M3) and copulated with the male on 2 January (Fig. 1) .
Affiliative interactions often involved allogrooming (25%) (i.e., nibbling, licking, and rubbing) of the neck, ears, and shoulders between foxes. Foxes frequently rested together (40% of interactions) during affiliative encounters, sometimes lying close to one another (,2 m) for .45 min. Also common were bouts of foraging with both foxes hunting in close proximity (,5 m) to one another for up to 15 min (30% of interactions). Play behavior and vocalizations occurred occasionally (play ¼ 25%, vocalizations ¼ 13% of interactions). Most vocalizations were short, multielement barking sequences (Murdoch et al. 2008 ) heard in November and December. Physical contact between interacting foxes, either through allogrooming, play, foraging, or other means, occurred during 50% of interactions. We also observed scent marking by at least 1 of the interacting foxes during 28% of encounters.
We observed 18 agonistic interactions, most of which occurred between adult males or with unknown foxes (Table 1) . Agonistic interactions occurred more with non-social group foxes than with same social group foxes (Fisher's exact test: P ¼ 0.02). Agonistic interactions usually involved 1 fox quickly chasing another at high speeds, often over several hundred meters. Loud ''chittering'' vocalizations (Murdoch et al. 2008 ) occurred during 9 agonistic interactions between known foxes (81%) and all agonistic interactions with an unknown fox. We observed 1 fox bite the tail of another during an aggressive chase.
Interaction rates and durations.-Interaction rates of focal foxes with all foxes ranged from 0/h to 11/h during the study. The mean 6 SE interaction rate across all 3-week periods was 2.58 6 0.32 (n ¼ 74). The number of interactions with all foxes varied significantly between before, during, and after periods (v 2 ¼ 30.60, d.f. ¼ 2, P , 0.001), being highest before the mating season (Fig. 2) .
The number of interactions with adult social group members differed significantly between before, during, and after periods (v 2 ¼ 24.09, d.f. ¼ 2, P , 0.001), and was highest before the mating season (Fig. 2) . The number of interactions with adult foxes belonging to other social groups also differed significantly between periods (v 2 ¼ 9.26, d.f. ¼ 2, P ¼ 0.01), but peaked later during the mating season (Fig. 2) .
The duration of interactions with all foxes ranged from 5 s to 53 min 17 s ( " X ¼ 6.79 min 6 0.71 SE, n ¼ 191). Interaction durations with social and non-social group foxes were significantly higher during mating season ( " X ¼ 15.3 min 6 2.6 SE, n ¼ 95) than before (U ¼ 453.0, P ¼ 0.001) or after (U ¼ 36.0, P ¼ 0.01; Fig. 3 ).
DISCUSSION
Given that kit foxes are among the less-gregarious canids (Geffen et al. 1996; Macdonald et al. 2004 ), we observed a surprisingly high number of social interactions both within and between social groups, particularly in the months leading up to the mating season. Adult kit foxes in Bakersfield interacted more frequently than did nonurban kit foxes in the nearby Carrizo Plain (White et al. 2000b ) and at greater rates that those reported for urban red foxes (White and Harris 1994) . High interaction rates in Bakersfield may be related to good food supplies, which allow the foxes to live in relatively small, overlapping home ranges and in larger group sizes (and higher density) compared to foxes elsewhere (Moehrenschlager et al. 2004) . Urban foxes in Bakersfield have abundant and relatively constant supplies of anthropogenic food in addition to natural prey (Cypher and Warrick 1993) , whereas the prey available to nonurban foxes are often less abundant and vary greatly in abundance from year to year (Cypher et al. 2000; White and Ralls 1993) . The abundant food supplies in Bakersfield also may allow the foxes to spend less time hunting and devote more time and energy to social interactions. Constraints on habitat availability in the urban landscape of Bakersfield also may result in higher interaction rates. However, the heterogeneous nature of urban habitats probably causes red foxes in parts of the United Kingdom to interact less than those living at similar densities in rural environments, mainly because home ranges exhibit comparatively less overlap (White et al. 1995) .
As in other canids, including red foxes (Doncaster and Macdonald 1997; Macdonald 1977 Macdonald , 1979 Meia and Weber 1996; White and Harris 1994) , interactions between foxes in the same social group were almost always affiliative, often involving allogrooming, play, resting, or foraging together. A majority of these interactions were between pair-mates. We also observed affiliative interactions between adults of both sexes and several juvenile foxes thought to be their offspring born earlier in the year. Because all of the focal foxes were adults, we did not quantify interactions between juvenile foxes. Both affiliative and agonistic interactions occurred with foxes from other social groups. Interactions with opposite-sex foxes belonging to other social groups were almost always affiliative. Interactions between adult females belonging to different social groups also were mostly affiliative-this was probably because females with neighboring home ranges are often closely related (Ralls et al. 2001) . We recorded no agonistic interactions with juvenile foxes-even with those from different social groups.
Most agonistic encounters were between adult males belonging to different social groups or with unknown foxes. These encounters were rare and aggressive, involving loud vocalizations, chasing, and biting, as also has been observed in other foxes including red foxes (Macdonald 1977; White and Harris 1994) and bat-eared foxes (Otocyon megalotis-Malcolm 1986). As with other larger, more gregarious canids, agonistic encounters may have served partly to establish dominance in an area or maintain a territory boundary (Gese 2001; Sillero-Zubiri and Macdonald 1998) . However, the rarity of agonistic interactions suggests that local dominance or territory maintenance in kit foxes is accomplished largely through indirect means such as scent marking (Murdoch 2003) . Because agonistic encounters incur higher risks, including injury, kit foxes may avoid neighboring foxes spatially. Red foxes practice spatial avoidance, especially at close quarters, suggesting that direct encounters are a relatively unimportant means of territory defense for that species (Doncaster and Macdonald 1997; White and Harris 1994) . However, radiotelemetry studies in Carrizo Plain indicated that observed distances between neighboring foxes were not consistently closer or further apart than expected by chance (White et al. 2000b) .
Kit foxes are seasonal breeders and interaction rates were higher before the annual mating season than during mating or afterwards. Interactions with adult social group members, in particular, rose substantially from mid-October to midDecember. High interaction rates with social group members immediately before the mating season probably allowed them to strengthen bonds with pair-mates and possibly help deter extrapair mating later during estrus. A previous study of kit foxes in Carrizo Plain found that nocturnal encounters between pair-mates were rare, suggesting that they may not be necessary for maintaining pair-bonds because pair-mates regularly share dens throughout the year (White et al. 2000b ). However, many of those data were collected outside the mating season and sample sizes may have been too small to detect fine-scale changes over the course of the annual reproductive cycle.
Although interaction rates with adult social group members were highest in November, interaction rates with adult nonsocial group foxes peaked later and more sharply during the annual mating season (24 November to 4 January). We suspect that many of these encounters between adults belonging to different social groups were related to extrapair copulation attempts because we observed 1 extrapair copulation during the study and the occurrence of successful extrapair copulations has been confirmed by molecular genetic evidence in the Bakersfield kit fox population (K. Ralls, B. Cypher, and J. Maldonado, pers. obs.) .
Little information exists on interaction rates and behaviors of wild foxes in North America. However, such information is valuable for conservation, especially in managing outbreaks of disease such as rabies or distemper (Woodroffe et al. 2004 ). The San Joaquin kit fox is endangered under the United States Endangered Species Act and persists in small, relatively isolated populations, making it vulnerable to declines through disease (United States Fish and Wildlife Service 1998) . Rabies is thought to be responsible for the precipitous decline of one such population at Camp Roberts (White et al. 2000a ). Although disease is not an imminent threat to the remaining populations, it may become one in the future, especially because kit foxes live in areas populated by domestic dogs and other species, such as coyotes (Canis latrans), that are known to carry diseases that are transmissible to foxes.
Information from our study, particularly encounter rates, provides a foundation for modeling the effects of disease outbreaks on remaining populations. Encounter rates between kit foxes provide a measure of potential infection rates and may be combined with other demographic variables to simulate the behavior of populations under various outbreak scenarios (Sterner and Smith 2006) . Such models have been used to develop and predict the effectiveness of vaccination or other management strategies, especially for rabies in other threatened canids including Ethiopian wolves (Canis simensis- Haydon et al. 2006) and African wild dogs (Vial et al. 2006; Vucetich and Creel 1999; Woodroffe et al. 1997) . Our study included data from August to March and we recommend further studies that quantify interactions during the remaining part of the year. Year-long interaction rates combined with information on kit fox social behavior, demography, and density would be helpful for developing robust models.
